SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Kousuke Suzuki, a citizen of 
Japan residing at Kawasaki -shi, Kanagawa, Japan and 
Katsuyuki Karakawa, a citizen of Japan residing at Kasugai- 
shi, Aichi, Japan have invented certain new and useful 
improvements in 



SEMICONDUCTR DEVICE HAVING A SELF-ALIGNED CONTACT HOLE 



of which the following is a specification 





1 TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE HAVING A SELF-ALIGNED 
CONTACT HOLE 

5 BACKGROUND OF THE INVENTION • 

The present generally relates to 
semiconductor devices and more particularly to a 
miniaturized high-speed semiconductor device and a 
fabrication process thereof. 

10 With the development in the art of device 

miniaturization, the operational speed of field-effect 
semiconductor devices such as a MOS transistor is 
increasing every year. On the other hand, such an 
extremely miniaturized semiconductor device tends to 

15 suffer from the problem of so-called short-channel 
effect, which appears conspicuously in such a 
miniaturized device having a short gate length, due to 
the deviation from the classical gradual channel 
approximation model. When a short-channel effect 

20 appears, there arise problems such as deviation of 
threshold voltage. In the worst case, the drain 
current becomes no longer controllable by the gate 
voltage. 



25 miniaturized field effect semiconductor devices to 

reduce the thickness of diffusion regions as small as 
possible in correspondence to the reduced gate length 
of the device. 



30 region tends to cause a problem of increased 

resistance, it is proposed to provide a layer of low- 



the diffusion region by conducting a self -aligned 
process. See for example Japanese Laid-Open Patent 
35 Publication 7-115198. 

Meanwhile, there is proposed a process of 
forming an extremely miniaturized semiconductor device 



Thus, it has been practiced in conventional 



As such an extremely shallow diffusion 



resistance silicide such as CoSi 2 on the surface of 



1 that includes a self -aligned contact structure. See 
for example Japanese Laid-Open Patent Publication 8- 
274278. 

FIGS.1A - 1H show the foregoing conventional 

5 process of forming a self -aligned contact structure. 

Referring to FIG.1A, a gate oxide film 2 and 
a field oxide film 2A are formed on a p-type Si 
substrate 1, and a polysilicon layer 3 is deposited on 
the structure of FIG.1A in the step of FIG. IB. The 

10 polysilicon layer 3 thus deposited is then doped to 
the n + -type by an ion-implantation of P + ions and 
patterned in the step of FIG.1C to form a gate 
electrode 3A. In the step of FIG.1C, an ion 
implantation process of As* 1 " is further conducted while 

15 using the gate electrode 3A as a mask, to form shallow 
diffusion regions 1A and IB of the n + -type at both 
lateral sides of the gate electrode 3A by a self- 
alignment process. 

Next, in the step of FIG. ID, an Si0 2 film is 

20 deposited on the structure of FIG.1C uniformly by a 
CVD process, followed by an anisotropic etching 
process acting substantially perpendicularly to the 
surface of the substrate 1 to form side wall oxide 
films 3a and 3b on both side walls of the gate 

25 electrode 3A. Further, additional diffusion regions 
1C and ID are formed so as to partially overlap the 
diffusion region 1A or IB by conducting an ion- 
implantation process of As + while using the gate 
electrode 3A and the side-wall oxide films 3a and 3b 

30 as a mask, to form a so-called LDD (lightly doped 
drain) structure. 

Next, in the step of FIG. IE, an SiN film 4 
is deposited uniformly on the structure of FIG. ID by a 
CVD process or a sputtering process, followed by the 

35 step of FIG. IF in which an interlayer insulation film 
5 of Si0 2 , PSG or BPSG is deposited on the foregoing 
SiN film 4. The interlayer insulation film 5 is 



1 further formed with a contact hole 5A in 

correspondence to the diffusion region 1C by an 
anisotropic dry etching process. Similarly, a contact 
hole 5B is formed in the insulation film 5 in 

5 correspondence to the diffusion region ID. The 
contact hole 5A or 5B may be formed with a size 
sufficiently larger than the size of the corresponding 
diffusion region 1C or ID and can be formed easily by 
a photolithography without experiencing a difficulty 

10 of resolution limit, which generally arises when 
forming a deep contact hole. 

The dry etching process for forming the 
contact holes 5A and 5B stops spontaneously upon the 
exposure of the underlying SiN layer 4 as indicated in 

15 FIG. IF. Thus, a step of FIG.1G is conducted for 

removing the exposed SiN film 4 by an etching process. 
Further, a step of FIG.1H is conducted for removing a 
part of the gate oxide film 2 that is now exposed at 
the bottom of the contact holes 5A and 5B, by 

20 conducting a selective etching process with respect to 
the Si substrate 1. As a result of the step of 
FIG.1H, minute openings lc and Id respectively 
exposing the diffusion regions 1C and ID are formed. 
It should be noted that the opening lc is 

25 defined by the field oxide film 2A and the side wall 
oxide film 3a. Similarly, the opening Id is defined 
by the other field oxide film 2A and the side wall 
oxide film 3b. In other words, the openings lc and Id 
are formed in a self -aligned manner, without using a 

30 mask process. This means that the openings lc and Id 
can be formed reliably and with reproducibility 
without restrained from the problem of resolution 
limit of exposure even when the semiconductor device 
is extremely miniaturized. Further, as explained 

35 already, it is not necessary to miniaturize the 

contact holes 5A and 5B. Thus, the photolithography 
for forming the contact holes 5A and 5B can be 



1 conducted easily. 

Thus, the foregoing self -aligned process of 
FIGS.1A - 1H is advantageous for forming extremely 
miniaturized semiconductor devices. As already noted, 

5 it is desired in such extremely miniaturized high- 
speed semiconductor devices to form a low-resistance 
silicide layer on the surface of the diffusion regions 
1C and ID so as to compensate for the unwanted 
increase of the resistance, which tends to occur in 

10 such extremely shallow diffusion regions. 

One possibility of forming such a silicide 
layer may include the steps of : removing the gate 
oxide film 2 for the part covering the diffusion 
regions 1C and ID; depositing a metal layer of Co or 

15 Ti on the exposed surface of the diffusion regions 1C 
and ID; and forming a silicide in a self-aligned 
manner by causing a reaction between the metal layer 
and the diffusion region. The remaining metal layer 
may be removed by an etching process. See for example 

20 the process disclosed in the Japanese Laid-Open Patent 
Publication 7-115198. 

In such a conventional process of forming a 
silicide layer, however, there is a substantial risk 
that the etching process, used in the step of FIG.1G 

25 for removing the SiN film 4 from the bottom of the 
contact holes 5A and 5B, may proceed further to the 
diffusion region 1C or ID and cause a damage thereto. 

In order to be sure that such a damage is 
not to be caused, it is necessary to deposit another 

30 Si0 2 film in the step of FIG. IE before depositing the 
SiN film 4, as an etching stopper. It should be noted 
that the additional Si0 2 film acts as an etching 
stopper for the etching process employed for removing 
the SiN film 4, and the problem of damaging of the 

35 diffusion region 1C or ID is positively eliminated. 
Further, such an additional Si0 2 film can be easily 
removed by a selective etching process without causing 



1 a damage to the diffusion region 1C or ID. 

It is generally practiced to form such an 
SiC>2 etching stopper layer by a CVD process. In the 
case of the a semiconductor device in which the 
5 silicide layer is formed on the surface of a shallow 

diffusion region, however, there is a substantial risk 
that the metal elements constituting the silicide may 
cause a diffusion and reach the Si substrate because 
of the high deposition temperature employed in the CVD 
10 process. Thus, it has been necessary to form the 

additional Si02 film by using a plasma CVD process at 
a low temperature of typically about 500 °C or less. 

On the other hand, the Si0 2 etching stopper 
film thus deposited at a low temperature plasma CVD 
15 process tends to contain therein. As the Si02 

y etching stopper is covered by the SiN film 4 in the 

r=% step of FIG.1G, it is difficult for the H 2 0 molecules 

4= in the Si0 2 etching stopper film to escape therefrom 

*f} once covered by the SiN film 4. Thereby, the H 2 0 

iU 20 molecules tend to be confined in the Si0 2 film in the 

W form of OH and H ions. It should be noted that the OH 

= ions in the Si0 2 etching stopper film, when reached to 

hi a region close to the gate oxide film 2 by way of 

yf diffusion, may form a surface state which captures 

25 electrons. 

CO FIG. 2 shows an example of the self -aligned 

contact structure that uses an Si02 etching stopper 
film, wherein those parts corresponding to the parts 
described previously are designated by the same 
30 reference numerals and the description thereof will be 
omitted. 

Referring to FIG. 2, there is provided an 
etching stopper film 6 of Si0 2 on the gate oxide film 
2 by a low temperature plasma CVD process such that 
35 the Si0 2 film 6 covers the gate electrode 3A including 
the side wall oxide films 3a and 3b. Further, the SiN 
film 4 is provided so as to cover the Si0 2 film 6. 



1 In such a structure, the escaping of 

from the Si02 film 6 is difficult as already noted, 
due to the existence of the SiN film 4 covering the 
Si0 2 film 6. Thus, there is a substantial risk that 

5 the OH ions confined in the Si0 2 film 6 cause a 

diffusion toward the interface between the gate oxide 
film 2 and the Si substrate 1. As noted already, the 
OH ions thus reached the foregoing interface may form 
a surface state that captures electrons, particularly 

10 the hot electrons created in the channel region right 
underneath the gate electrode 3A. The capturing of 
the hot electrons by the surface state may in turn 
cause an unwanted shift of threshold voltage of the 
semiconductor device. 

15 It should be noted that the self -aligned 

contact structure of FIGS.1A - 1H may also be used in 
a high-speed semiconductor memory device that has a 
so-called local interconnection structure such as 
SRAM. In the semiconductor device having such a local 

20 interconnection structure, there tends to occur a 
reaction between the metal layer forming the local 
interconnection structure and a silicide that is 
formed on the surface of the diffusion region. In 
order to avoid the foregoing problem, it is necessary 

25 to conduct the deposition of the etching stopper film 
6 at a low temperature. However, such a low 
temperature deposition of the Si02 etching stopper 
film 6 causes the problem explained above. 

30 SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a novel and useful 
semiconductor device and a fabrication process thereof 
wherein the foregoing problems are eliminated. 

35 Another and more specific object of the 

present invention is to provide a semiconductor device 
having a self-aligned contact structure and a 



1 fabrication process thereof wherein the content in 

the Si02 etching stopper film that is provided 
underneath a nitride etching stopper film is minimized 
without causing a diffusion of a metal element from 

5 the silicide layer formed on a diffusion region to the 
interior of the diffusion region, or without causing a 
reaction between the silicide layer formed on the 
surface of the diffusion region and a local 
interconnection layer contacting the diffusion region. 

10 Another object of the present invention is 

to provide a method of fabricating a semiconductor 
device, comprising the steps of: 

forming a gate electrode on a substrate; 
forming a diffusion region in said substrate 

15 adjacent to said gate electrode; 

forming a side wall oxide film on a side 
wall of said gate electrode; 

forming an interlayer insulation film on 
said substrate such that said interlayer insulation 

20 film covers said gate electrode and further said side 
wall oxide film; and 

forming a self -aligned opening in said 
interlayer insulation film such that said self-aligned 
opening exposes said diffusion region; 

25 said step of forming said self-aligned 

opening comprising the steps of: 

forming a first insulation film of an oxide 
such that said first insulation film covers said side 
wall oxide film and said diffusion region; 

30 depositing a second insulation film having a 

composition different from a composition of said first 
insulation film, on said first insulation film; 

forming said interlayer insulation film on 
said second insulation film; 

35 forming a contact hole in said interlayer 

insulation film in correspondence to said diffusion 
region by an etching process while using said second 



insulation film as an etching stopper; 

removing said second insulation film exposed 
at a bottom of said contact hole by an etching process 
while using said first insulation film as an etching 
stopper; and 

removing said first insulation film exposed 
at a bottom of said contact hole selectively with 
respect to said diffusion region; 

wherein said step of forming said first 
insulation film is conducted by a plasma CVD process, 
with a high-frequency power set smaller than a high- 
frequency power in which said first insulation film 
contains with an amount of about 2.4 wt%. 

Another object of the present invention is 
to provide a semiconductor device, comprising: 

a substrate; 

a gate electrode provided on said substrate; 

a diffusion region formed, in said substrate 
adjacent to said gate electrode; 

a side-wall insulation film formed on a side 
wall of said gate electrode; and 

a self-aligned contact hole defined by said 
side-wall oxide film and exposing said diffusion 
region; 

wherein said semiconductor device further 
includes : 

a first insulation film provided on said 
gate electrode so as to cover said side wall oxide 
film partially; 

a second insulation film having a 
composition different from a composition of said first 
insulation film and provided on said first insulation 
film; 

an interlayer insulation film deposited on 
said second insulation film; 

a contact hole formed in said interlayer 
insulation film, said contact hole extending through 



1 said first and second insulation films and exposing 
said self-aligned contact hole; 

said first insulation film contains with 
an amount smaller than about 2.4 wt%. 
5 According to the present invention, the 

formation of in the plasma is suppressed in the 

low-power plasma CVD process used for forming the 
first insulation film, by suppressing the high- 
frequency plasma power. Thereby, the amount of 
10 incorporated into the first insulation film is 

successfully reduced below about 2.4 wt%, preferably 
below about 1.1 wt%. As the first insulation film is 
formed at a low temperature in the present invention, 
the problem of thermal diffusion of the metal element 
15 contained in the silicide layer covering the surface 
4f of the diffusion region into the interior of the 

g diffusion region, is successfully avoided. 

=F Another object of the present invention is 

'7? to provide a method of fabricating a semiconductor 

M 20 device, comprising the steps of: 

^ forming a gate electrode on a substrate; 

forming a diffusion region in said substrate 
U adjacent to said gate electrode; 

! Jf forming a side wall oxide film on a side 

jj 25 wall of said gate electrode; 

B forming an interlayer insulation film on 

said substrate such that said interlayer insulation 
film covers said gate electrode and further said side 
wall oxide film; and 

30 forming a self -aligned opening in said 

interlayer insulation film such that said self-aligned 
opening exposes said diffusion region; 

said step of forming said self-aligned 
opening comprising the steps of : 

35 forming a first insulation film of an oxide 

such that said first insulation film covers said side 
wall oxide film and said diffusion region; 



depositing a second insulation film having a 
composition different from a composition of said first 
insulation film, on said first insulation film; 

forming said interlayer insulation film on 
said second insulation film; 

forming a contact hole in said interlayer 
insulation film in correspondence to said diffusion 
region by an etching process while using said second 
insulation film as an etching stopper; 

removing said second insulation film exposed 
at a bottom of said contact hole by an etching process 
while using said first insulation film as an etching 
stopper; and 

removing said first insulation film exposed 
at a bottom of said contact hole selectively with 
respect to said diffusion region; 

wherein said step of forming said first 
insulation film is conducted by a CVD process that 
uses SiH 4 and N 2 0 as source gases. 

According to the present invention, the 
proportion of the Si-H bond in the first insulation 
film is increased when forming the first insulation 
film by a plasma CVD process or a high-temperature CVD 
process, by increasing the proportion of with 
respect to SiH 4 . Thereby, the formation of H 2 0 in the 
deposition chamber is successfully reduced and so is 
the amount of H 2 0 in the first insulation film. 

Another object of the present invention is 
to provide a method of fabricating a semiconductor 
device, comprising the steps of: 

forming a gate electrode on a substrate; 

forming a diffusion region in said substrate 
adjacent to said gate electrode; 

forming a side wall oxide film on a side 
wall of said gate electrode; 

forming an interlayer insulation film on 
said substrate such that said interlayer insulation 



- ir 



1 film covers said gate electrode and further said side 
wall oxide film; and 

forming a self-aligned opening in said 
interlayer insulation film such that said self-aligned 
5 opening exposes said diffusion region; 

said step of forming said self-aligned 
opening comprising the steps of: 

forming a first insulation film of an oxide 
such that said first insulation film covers said side 
10 wall oxide film and said diffusion region; 

depositing a second insulation film having a 
composition different from a composition of said first 
insulation film, on said first insulation film; 
forming said interlayer insulation film on 
15 said second insulation film; 

forming a contact hole in said interlayer 
insulation film in correspondence to said diffusion 
region by an etching process while using said second 
insulation film as an etching stopper; 
20 removing said second insulation film exposed 

at a bottom of said contact hole by an etching process 
while using said first insulation film as an etching 
stopper; and 

removing said first insulation film exposed 
25 at a bottom of said contact hole selectively with 
respect to said diffusion region; 

wherein said step of forming said first 
insulation film is conducted by depositing a silicate 
glass containing P. 
30 Another object of the present invention is 

to provide a semiconductor device, comprising: 
a substrate; 

a gate electrode provided on said substrate; 
a diffusion region formed in said substrate 
35 adjacent to said gate electrode; 

a side-wall insulation film formed on a side 
wall of said gate electrode; and 



# • 



1 a self -aligned contact hole defined by said 

side-wall oxide film and exposing said diffusion 
region; 

wherein said semiconductor device further 
5 includes: 

a first insulation film provided on said 
gate electrode so as to cover said side wall oxide 
film partially; 

a second insulation film having a 
10 composition different from a composition of said first 
insulation film and provided on said first insulation 
film; 

an interlayer insulation film deposited on 
said second insulation film; 
15 a contact hole formed in said interlayer 

insulation film, said contact hole extending through 
said first and second insulation films and exposing 
said self -aligned contact hole; 

said first insulation film is formed of PSG 
20 containing P with an amount of about 6 wt% or less. 

Another object of the present invention is 
to provide a semiconductor device, comprising: 

a substrate; 

a gate electrode provided on said substrate; 
25 a diffusion region formed in said substrate 

adjacent to said gate electrode; 

a side-wall insulation film formed on a side 
wall of said gate electrode; and 

a self-aligned contact hole defined by said 
30 side-wall oxide film and exposing said diffusion 
region; 

wherein said semiconductor device further 
includes : 

a first insulation film provided on said 
35 gate electrode so as to cover said side wall oxide 
film partially; 

a second insulation film having a 



1 composition different from a composition of said first 
insulation film and provided on said first insulation 
film; 

an interlayer insulation film deposited on 
5 said second insulation film; 

a contact hole formed in said interlayer 
insulation film, said contact hole extending through 
said first and second insulation films and exposing 
said self-aligned contact hole; 
10 said first insulation film is formed of BPSG 

containing B with an amount of about 4 wt% or less. 

According to the present invention, the 
amount of in the first insulation film is 

successfully reduced by the gettering action of P or B 
15 that is contained in the PSG or BPSG forming the first 
Q insulation film. Even when a high- temperature CVD 

f5 process is used for forming the first insulation film, 

=p the problem of diffusion of the metal elements from 

f z the silicide is successfully avoided by employing a 

20 rapid heating process. Thereby, it is possible to 
ffl reduce the resistance of very shallow diffusion region 

JU of a highly miniaturized high-speed semiconductor 

yj device. 

[~ Other objects and further features of the 

25 present invention will become apparent from the 
CO following detailed description when read in 

conjunction with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 FIGS.1A - 1H are diagrams showing a 

conventional fabrication process of a semiconductor 
device that has a self-aligned contact hole; 

FIG. 2 is a diagram showing the problem of a 
conventional semiconductor device; 
35 FIG. 3 is a diagram showing the principle of 

the present invention; 

FIG. 4 is another diagram showing the 



1 principle of the present invention; 

FIG. 5 is a still other diagram showing the 
principle of the present invention; 

FIG. 6 is a still other diagram showing the 
5 principle of the present invention; 

FIG. 7 is a still other diagram showing the 
principle of the present invention; 

FIG. 8 is a still other diagram showing the 
principle of the present invention; 
10 FIG. 9 is a still other diagram showing the 

. principle of the present invention; 

FlG.10 is a still other diagram showing the 
principle of the present invention; 

FIG. 11 is a still other diagram showing the 
15 principle of the present invention; 

FIG. 12 is a still other diagram showing the 
principle of the present invention; 

FIG. 13 is a still other diagram showing the 
principle of the present invention; 
20 FIG. 14 is a still other diagram showing the 

principle of the present invention; 

FIGS.15A - 151 are diagrams showing the 
fabrication process of a semiconductor device 
according to a first embodiment of the present 
25 invention; and 

FIGS.16A - 160 are diagrams showing the 
fabrication process of a semiconductor device 
according to a second embodiment of the present 
invention . 

30 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[PRINCIPLE] 

FIGS. 3 - 14 are diagrams showing the content 
of H 2 0 incorporated into an Si0 2 film when the Si0 2 
35 film is formed by a plasma CVD process, wherein FIGS. 3 
- 14 show the result obtained by a TDS (thermal 
desorption spectroscopy). 
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1 Referring to the drawings, FIG. 3 shows a 

reference specimen in which the Si02 film is formed on 
a Si substrate by a plasma CVD process conducted at a 
substrate temperature of 480 °C while setting the high- 

5 frequency power to a conventional power of 200W. 

FIG. 4, on the other hand, shows a case in which the 
Si02 film is formed on a Si substrate at a substrate 
temperature of 400 °C while setting the high-frequency 
power to 200W. 

10 In the experiments, the plasma CVD process 

is conducted in a parallel-plate-type plasma CVD 
apparatus while supplying SiH^ and as the gaseous 

source materials, with a proportion set typically to 
1:40. The TDS analysis, on the other hand, was 

15 conducted by analyzing the chemical species, 

particularly H 2 0 and OH, released from the Si0 2 film 
as a result of the heating by a mass spectroscopy 
while heating the substrate in the temperature range 
illustrated in the drawings. In the drawings, it 

20 should be noted that the horizontal axis represents 
the duration in terms of minutes while the vertical 
axis represents the partial pressure of the released 
species in terms of Torr. 

Referring to FIGS. 3 and 4, it can be seen 

25 that a substantial release of H 2 0 and OH occurs in the 
Si0 2 film deposited under a conventional plasma power 
of 200 °C immediately after the start of the heating. 
The release of H 2 0 and OH continues even when the 
temperature reaches 1000 °C. 

30 FIGS. 5 afid 6, on the other hand, show the 

case in which the high-frequency power is set to 100W 
and SOW respectively when depositing the Si0 2 film on 
a Si substrate by a similar plasma CVD process. 
Referring to FIGS. 4 and 6, it is clearly 

35 seen that the amount of H 2 0 and OH incorporated into 

the Si0 2 film is reduced substantially by reducing the 
high-frequency power used in the plasma CVD process. 



% I 

1 FuVther, FIG. 7 shows the release of and 

OH from the SiC>2 film deposited on the Si substrate at 
a substrate temperature of 400 °C and a plasma power of 
100W for a case in which the ratio of N2O with respect 

5 to H2O in the gaseous source is set to 10. In this 

case, the 9^-02 film obtained as a result of the plasma 
CVD process \has a refractive index of about 1.5. In 
contrast, it\should be noted that the Si02 film 
obtained in FIG. 5 has a refractive index of about 

10 1.47. FurtheA the Si0 2 film of FIG. 3 shows a 
refractive indefrc of about 1.45. 

Ab can be seen in FIG. 7, the amount of H2O 
and OH ^incorporated into the Si0 2 film is reduced 
further\as compared with the case of FIG. 5. It is 

15 believed\ that the foregoing decrease of H2 and OH 

content i\n the Si0 2 film observed in the case of FIG. 7 
is caused \by the increased amount of Si-H bond in the 
Si02 film.\ 

When the proportion of N2O with respect to 

20 SiH 4 is increased further as in the case of FIG. 8, on 
the other hand, the amount of H2O and OH incorporated 
into the Si0 2 film starts to increase again. Thus, it 
is concluded that the plasma CVD process for 
depositing an Si02 film is preferably conducted such 

25 that the deposited Si0 2 film has a refractive index of 
higher than about 1 . 5 but lower than about 1.63. 

FIG^. 9 shows a differential in which the 
result ofVFIG.3 is subtracted from the result of 
FIG. 5. A^ already explained with reference to FIG. 4, 

30 the SO2 filin deposed under the plasma power of 200W 
contains a iVrge amount of H2O and OH. 

FIG. 10 shows, on the other hand, a 
differential in which the result of FIG. 3 is 
subtracted from the result of FIG. 5 in which the high- 

35 frequency power is set to 100W. As can be seen 

clearly from FIG. 10, the amount of H2O and OH released 
from the Si02 film deposited under the high-frequency 



1 power of 100W is reduced substantially. 

Fiibrther, FIG. 11 shows a differential in 
which tme result of FIG. 3 is subtracted from the 
result oV FIG. 6 in which the high-frequency power is 

5 set to 5QW. As can be seen clearly from FIG. 10, the 
. amount of\H 2 0 and OH released from the Si02 film 
deposited \under the high-frequency power of SOW is 
reduced further as compared with the case of FIG. 10. 
Further, FIG. 12 shows a differential in 

10 whichlthe result of FIG. 3 is subtracted from the 

result of FIG. 7 in which the deposited Si0 2 film has a 
refracVive index of 1.5. In this case, the amount of 
releas^ of H 2 Q and OH is reduced further. In 
contrasts FIG. 13 shows the case in which the result of 

15 FIG. 3 is\ subtracted from the result of FIG. 10 in which 
the deposited Si0 2 film has a refractive index of 
1.63. Inlthis case, the amount of H 2 0 and OH 
incorporated into the Si0 2 film starts to increase 
again. \ 

20 Summarizing above, it is possible to 

minimize the amount of H 2 0 and OH incorporated into 
the underlying insulation film 6 of the semiconductor 
structure of FIG. 2, by setting the high-frequency 
power, used for a plasma formation, to about 100W or 

25 less when depositing the insulation film 6 by a plasma 
CVD process, or alternatively by setting the ratio of 
SiH 4 and N 2 0 in a gaseous source material such that 
the insulation film 6 has a refractive index of about 
1.5. 

30 The amount of H 2 0 and OH incorporated into 

the insulation film 6 of FIG. 2 can be minimized also 
by incorporating P or B into the film 6. In this 
case, therefore, the insulation film 6 has a 
composition of PSG or BPSG. 

35 FIG. 14 shows the penetration of D 2 0 into a 

PSG or BPSG film for a case in which the PSG or BPSG 
film is exposed to a vapor moisture (Pramanik, D., 



1 Solid State Technology, September 1995, pp. 69-78). 

Referring to FIG. 14, it can be seen that the 
amount of OH penetrating into a PSG or BPSG film 
decreases when the P or B content in the film is 

5 increased. It is believed that the P or B ions 
incorporated into the PSG or BPSG film perform a 
getter ing action of H 2 0 therein. When such a PSG or 
BPSG film is to be used for the insulation film 6 of 
FIG. 2, it is preferable to set the amount of P to 

10 about 6 wt% or less arid the amount of B to about 4 wt% 
or less. 

In the structure of FIG. 2, it should be 
noted that the insulation film 6 may be formed by an 
ordinary high- temperature CVD process when the 

15 substrate temperature is held below about 800°C. In 
such a case, too, it is desirable to increase the 
proportion of Si-H bond in the film by increasing the 
ratio of SiH^ with respect to N 2 0 similarly to the 
case of the plasma CVD process described before. An 

20 Si02 film containing a large amount of Si-H bond tends 
to show a high refractive index. Further, it is also 
possible to apply a thermal annealing process to the 
oxide film 6 prior to the deposition of the SiN film 4 
and cause a releasing of H2O. By using a rapid 

25 thermal annealing process, it is possible to minimize 
the unwanted thermal effect on the silicide layer 
covering the diffusion region. 

[FIRST EMBODIMENT] 
30 FIGS.15A - 151 show a fabrication process of 

a MOS transistor according to a first embodiment of 

the present invention. 

Referring to FIG.15A, a gate oxide film 12 

and a field oxide film 12A are formed on a p-type Si 
35 substrate 11 corresponding to the Si substrate 1 of 

FIG.1A, and a polysilicon layer 13 is deposited on the 

structure of FIG.15A in the step of FIG.15B. The 



1 polysilicon layer 13 thus deposited is then doped to 
the n + -type by an ion- implantation of P + ions and 
patterned in the step of FIG.15C to form a gate 
electrode 13A. The ion implantation process of 
5 FIG.15B may be conducted under an acceleration voltage 
of 20 keV with a dose of 4 x 10 15 cm~ 2 . In the step of 
FIG.15C, an ion implantation process of As + is further 
conducted while using the gate electrode 13A as a 
mask, to form shallow diffusion regions 11A and 11B of 
10 the n + -type at both lateral sides of the gate 

electrode 13A by a self -alignment process. The ion 
implantation process of FIG.15C may be conducted under 
an acceleration voltage of 10 keV with a dose of 3 x 
10 14 cm" 2 .. 

15 Next, in the step of FIG.15D, an SiQ 2 film 

is deposited on the structure of FIG.15C uniformly by 
a CVD process, followed by an anisotropic etching 
process acting substantially perpendicularly to the 
surface of the substrate 11 to form side wall oxide 
20 films 13a and 13b on both side walls of the gate 

electrode 13A. Further, additional diffusion regions 
11C and 11D are formed so as to partially overlap the 
diffusion region 11A or 11B by conducting an ion- 
implantation process of As + while using the gate 
Jq 25 electrode 13A and the side-wall oxide films 13a and 

£9 13b as a mask, to form a so-called LDD (lightly doped ' 

drain) structure. The ion implantation process of 
FIG.15D may be conducted under an acceleration voltage 
to 40 keV with a dose of 2 x 10 15 cm" 2 . 
30 Next, in the step of FIG.15E, those parts of 

the gate oxide film 12 covering the diffusion regions 
11C and 11D are removed and a Co layer (not shown) is 
deposited in contact with the exposed diffusion 
regions and further on the gate electrode 13A. 
35 Further, by applying a thermal annealing process 

conducted at 840 °C for about 30 seconds, the Co layer 
thus deposited causes a reaction with the exposed 



1 surface of the diffusion regions 11C and 11D as well 
as the gate electrode 13A, and there are formed a 
silicide film HE on the surface of the diffusion 
region 11C as indicated in FIG.15E. Similarly, a 

5 silicide film 11F is formed on the surface of the 

diffusion region 11D and a silicide film 13B is formed 
on the gate electrode 13A. 

rlext, in the step of FIG.15F, an Si0 2 film 
14 is Qeposited on the structure of FIG.15E by a 

10 plasma \CVD process with a thickness of about 20 run. 
Thereby! the deposition of the Si02 film 14 is 
conducted in a parallel-plate-type plasma CVD 
apparatus under a pressure of 3.0 Torr while setting 
the subs-orate temperature to 400 °C and the high- 

15 frequency\ power to 50 kW. During the deposition of 
the Si0 2 ftLlm 14 , SiH 4 and N 2 0 are supplied to the 
reaction chamber of the plasma CVD apparatus as source 
materials together with an N 2 carrier gas with a flow 
rate of lOcc/min and 400cc/min respectively. The flow 

20 rate of thelN 2 carrier gas may be set to 2000 cc/min. 
The plasma dvD apparatus may have an electrode gap of 
300 Mil. \ 

It should be noted that the Si0 2 film 14 
thus deposited contains H 2 0 with an amount of about 

25 1.1 wt% or less due to the decreased H 2 0 formation in 
the plasma, wherein the foregoing amount of H 2 0 in the 
film 14 is substantially smaller than the H 2 0 content 
of the Si0 2 film of FIG. 3 of about 2.4 wt%. Further, 
it should be noted that the Si0 2 film 14 thus formed 

30 has a refractive index of about 1.47. 

The evaluation of the H 2 0 content in the 
Si0 2 film 14 is achieved by first calculating the 
total number of the H 2 0 molecules (Mm) released from 
the Si0 2 film as a result of the TDS analysis from the 

35 time-integral of the partial pressure value (Pxt) of 
the released H 2 0 molecules according to the equation 



Mm = C x ((Pxt)/S) x 3.35 x 10 19 , 



followed by dividing the value Mm by the weight of the 

5 Si0 2 film 14, which in turn is obtained from the 
volume of the Si02 film and the density thereof, 
wherein the volume of the Si0 2 film is obtained from 
the surface area of the substrate and the film 
thickness. Further, it should be noted that the 

10 parameter C of the foregoing equation stands for the 
conductance of the orifice used in the TDS analysis 
while the parameter S stands for the relative 
sensitivity of the mass spectrometer used in the TDS 
analysis. Further, the last numerical constant is for 

15 the conversion of the obtained pressure integral value 
to the corresponding molecule number by using an ideal 
gas model. In the present case, the orifice 
conductance C has a value of 27.5 1/sec, while the 
relative sensitivity S has a value of 1 for H 2 0. 

20 Next, in the step of FIG.15G, an SiN film 15 

is deposited uniformly on the structure of FIG.15F by 
a CVD process or a sputtering process, followed by the 
step of FIG.15H in which an interlayer insulation film 
16 of Si0 2 , PSG or BPSG is deposited on the foregoing 

25 SiN film 15. The interlayer insulation film 16 is 
further formed with a contact hole 16A in 
correspondence to the diffusion region 11C by an 
anisotropic dry etching process. Similarly, a contact 
hole 16B is formed in the insulation film 16 in 

30 correspondence to the diffusion region 11D. 

Further, in the step of FIG. 151, conductive 
plugs 17A and 17B of polysilicon are provided so as to 
fill the contact holes 16A and 16B respectively, and 
an interconnection pattern 17 is provided on the 

35 interlayer insulation film 16 in contact with the 
conductive plug 17A or 17B. 

According to the present embodiment, the H 2 0 



1 formation in the plasma is effectively suppressed by- 
conducting the plasma deposition of the oxide film 14 
underneath the SiN film 15 by a reduced plasma power, 
and the H 2 0 content incorporated into the Si0 2 film 14 

5 is reduced accordingly. As the formation of the oxide 
film 14 is conducted at a low temperature as a result 
of use of the plasma CVD process, the problem of Co 
diffusion and associated short-circuit of the 
diffusion region, is effectively avoided even when the 

10 step of formation of the oxide film 14 is conducted. 

It should be noted that the formation of the 
oxide film 14 may be conducted by setting the high- 
frequency power to 100W. In this case, too, the same 
parallel-plate-type plasma CVD apparatus is used and 

15 the deposition is conducted at a substrate temperature 
of about 400 °C under an internal pressure of 3.0 Torr. 
During the deposition, SiH 4 and N 2 0 are supplied as 
the gaseous source respectively with a flow rate of 10 
cc/min and a flow rate of 100 cc/min, together with an 

20 N 2 carrier gas which is supplied to the reaction 

chamber of the plasma CVD apparatus with a flow rate 
of 2000 cc/min. The oxide film 14 thus formed has a 
refractive index of about 1.5. 

Further, it is possible to replace the Si0 2 

25 film 14 by a PSG or BPSG film that contains P or B. 
As noted already, P or B shows a getter ing action of 
H 2 0. When a PSG film is to be used for the insulation 
film 14, it is preferable to set the P content in the 
PSG film 14 to be about 6 wt% or less. When a BPSG 

30 film is to be used for the insulation film 14, on the 
other hand, it is preferable to set the B content in 
the film 14 to be about 4 wt% or less. 

Further, it should be noted that the 
foregoing oxide film 14 may be formed also by an 

35 ordinary high-temperature CVD process. In this case, 
it is preferable to set the substrate temperature to 
about 825°C or less for minimizing the diffusion of 



1 metal elements from the silicide film and set the 
ratio of N 2 0 with respect to SiH 4 to be less than 
about 5 so as to maximize the Si-H bond formation in 
the film. Further, it is also possible to cause a 

5 release of H 2 0 from the oxide film 14 by applying a 
thermal annealing process to the film 14 at a 
temperature of about 825 °C prior to the deposition of 
the SiN film 15, 

As the deposition of the oxide film 14 and 

10 the deposition of the SiN film 15 are conducted in the 
same deposition apparatus continuously, the chance 
that the deposited oxide film 14 contacts the 
atmospheric environment and absorbs the moisture in 
the atmosphere is positively eliminated. 

15 

Q [SECOND EMBODIMENT] 

q FIGS.16A - 160 show a fabrication process of 

=P a semiconductor device according to a second 

rv embodiment of the present invention. 

r — - 

La 20 Referring to FIG.16A, a Si substrate 21 of 

B the p-type or n-type is covered by a native oxide film 

JL^ 22N, and an SiN mask 23A as well a an SiN mask 23B are 

Id provided on the substrate 21 such that the SiN mask 

jjjf 23A protects an NMOS region on which an NMOS 

.jp s - 25 transistor is to be formed. Similarly, the SiN mask 

ffl 23B protects a PMOS region on which a PMOS transistor 

is to be formed. The mask 23A and 23B are separated 
and there is formed a gap between the region for the 
NMOS transistor and the region for the PMOS 
30 transistor. The gap exposes the native oxide film 22N 
formed on the substrate 21. 

Next, in the step of FIG.16B, the structure 
of FIG.16A is subjected to a wet oxidation process to 
form a field oxide film 23 in correspondence to the 
35 foregoing gap typically with a thickness of about 250 
nm. Further, a mask Ml is provided in the step of 
FIG.16B so as to cover the PMOS region, and an ion 



1 implantation of B + is conducted into the substrate 21 
with an acceleration voltage of 300 keV and a dose of 
3 x 10 13 cirT 2 . As a result of the ion implantation 
process, a p-type well 21A is formed in the substrate 

5 21 in a first side of the field oxide film 23 in 
correspondence to the NMOS region. 

Next, in the step of FIG.16C, the NMOS 
region is covered by a mask M2 and an ion implantation 
of P + is conducted into the substrate 21 with an 

10 acceleration voltage of 600 keV and a dose of 3 x 
10 13 cm~ 2 . As a result of the ion implantation 
process, an n-type well 21B is formed in the substrate 
21 in a second, opposite side of the field oxide film 
23 in correspondence to the PMOS region. 

15 Next, in the step of FIG.16D, the native 

oxide film 22N is removed by an etching process and a 
thermal oxide film 22 is formed on the surface of the 
substrate 21 by a thermal oxidation process with a 
thickness of about 5.5 nm. Further, a polysilicon 

20 film 24 is formed in the step of FIG.16D on the 

structure thus formed with a thickness of about 180 
nm. 

Next, in the step of FIG.16E, an oxide film 
25 is formed on the structure of FIG.16D by an 
25 ordinary high- temperature CVD process typically with a 
thickness of 80 nm, and an opening 25A is formed in 
the oxide film 25 thus formed in correspondence to a 
part thereof covering the field oxide film 23 by using 
a mask M3 . 

30 Next, in the step of FIG.16F, an SiN film 26 

is formed on the oxide film. 25 by a plasma CVD process 
with a thickness of typically 26 nm. The SiN film 26 
thus formed is patterned according to a desired gate 
pattern by using a mask M4, and the oxide film 25 and 

35 the polysilicon film 24 underneath the SiN film 26 are 
patterned while using the SiN pattern 26 thus obtained 
as a mask. Thereby, gate electrodes 24A - 24E are 



1 formed. It should be noted that the gate electrodes 
24A and 24B thus formed are located on the well 21A, 
while the gate electrodes 24C and 24D are formed on 
the well 21B. Further, the gate electrode 24E is 

5 formed on the field oxide film 23. Further, the oxide 
films 22 exposed at both sides of the foregoing gate 
electrodes are removed selectively. 

Next, in the step of FIG.16G, the PMOS 
region is protected by a mask M5, and an ion 

10 implantation of As + is conducted into the gate 

electrodes 24A and 24B under an acceleration voltage 
of 10 keV with a dose of 3 x 10 14 cm~ 2 . As a result of 
the foregoing ion implantation process of As + , 
diffusion regions 21A 1 , 21A 2 and 21A 3 are formed in 

15 the well 21A adjacent to the gate electrodes 24A and 
24B. 

Next, in the step of FIG.16H, each of the 
gate electrodes 24A - N 24E is formed with a pair of 
side wall oxide films 24a and 24b by a well known 

20 process that includes a CVD deposition of an oxide 

film and an etch-back process. Further, the SiN film 
25 is removed and the step of FIG. 161 is conducted, in 
which an ion implantation of As + is conducted into the 
well 21A while using the gate electrodes 24A and 24B 

25 and further the side wall oxide films 24a and 24b as a 
mask, to form a diffusion region 2IA4 in superposition 
to the diffusion region 21h± and a diffusion region 
2IA5 in superposition to the diffusion region 21A 2 . 
Thereby, an LDD structure is formed in the well 21A in 

30 the step of FIG. 161. It should be noted that the ion 
implantation process of As + of FIG. 161 is conducted 
under an acceleration voltage of 40 keV with a dose of 
2 x 10 15 cm~ 2 , while protecting the PMOS region by a 
mask M6. 

35 Next, in the step of FIG.16J, the NMOS 

region is protected by a mask M7, and an ion 
implantation process of B + is conducted into the well 



# • 



1 21B while using the gate electrodes 24C and 24D and 
further the side wall oxide films 24a and 24b as a 
mask. The ion implantation of B + is typically 
conducted under an acceleration voltage of 7 keV with 

5 a dose of 2 x 10 15 cm~ 2 , and diffusion regions 21B l7 

2IB2 and 2IB3 are formed in the well 21B as a result. 

Further, in the step of FIG.16K, the side 
wall oxide films 24a and 24b on the gate electrodes 
24A - 24E are grown laterally by depositing a CVD 

10 oxide film further thereon, followed by an etch-back 
process. In this process, the diffusion regions 21A^ 
- 21Ag as well as the diffusion regions 21B-L - 21B 6 
are exposed on the Si substrate 21, and a step of 
FIG.16L is conducted in which a Co film (not shown) is 

15 deposited by a sputtering process. It should be noted 
that the diffusion regions 2IA4 - 21Ag include therein 
diffusion regions 21A^ - 2IA3 respectively. 

The structure thus obtained is then 
subjected to a thermal annealing process conducted at 

20 550°C for 30 minutes, to form a self-aligned silicide 
(CoSi2) layer 27 on the exposed surface of the 
diffusion region. After the formation of the silicide 
layer 27, the remaining Co layer is removed by an 
etching process, and the overall structure is 

25 subjected to a thermal annealing process conducted at 
825 °C for 20 seconds. It should be noted that the 
silicide layer 27 is formed also on the exposed part 
of the electrode 24E corresponding to the opening 25A. 
See FIG.16E. 

30 Next, in the step of FIG.16M, a TiN layer is 

deposited on the structure of FIG.16L by a reactive 
sputtering process typically with a thickness of about 
20 nm, and the TiN layer thus deposited is patterned 
subsequently while using a mask M8 to form local 

35 interconnection patterns 28A, 28B and 28C in 

electrical contact with the foregoing silicide layer 
27. In the illustrated example, the diffusion regions 



1 2IA3 and 21Ag are formed in electrical connection with 
the electrode 24E via the foregoing local 
interconnection pattern 28B and the silicide layer 27, 
and the semiconductor device forms an SRAM. 

5 Next, in the step of FIG.16N, an oxide 

(Si0 2 ) film 29 is formed on the structure of FIG.16M 
by a plasma CVD process similarly to the oxide film 14 
of the previous embodiment, with a thickness of 20 nm. 
tVius, the deposition of the oxide film 29 is 

10 conducted in a parallel-plate-type plasma CVD 

apparatus at a substrate temperature of 400 °C while 
setting Vthe high-frequency power to 50 kW. During the 
deposition of the oxide film 29, the internal pressure 
of the reaction chamber of the plasma CVD apparatus is 

15 set to 3.4 Torr and SiH 4 and N 2 0 are supplied as the 
gaseous sotarce together with an N 2 carrier gas with 
respective\ f low rates of 10 cc/min and 400 cc/min. 
The flow rate of the N 2 carrier gas is set to about 
2000 cc/min A Similarly as before, the gap between the 

20 electrodes of the plasma CVD apparatus is set to 300 
Mil. As the \f ormation of H 2 0 in the plasma is 
suppressed in\the plasma CVD process conducted under 
the foregoing conduction, * the Si0 2 film 29 thus 
obtained typically has an H 2 0 content of 1.1 wt% or 

25 less and a refractive index of about 1.47. 

After the foregoing formation of the oxide 
film 29, an SiN film 30 is formed on the oxide film 
29 by a plasma CVD process as indicated in FIG.16N 
with a thickness of about 70 nm. Further, an 

30 interlayer insulation film 31 of S0G or the like is 
deposited on the structure of FIG.16N in the step of 
FIG. 160. 

It should be noted that the formation of the 
oxide film 29 may be conducted by setting the high- 
35 frequency power to 100W. In this case, too, the same 
parallel-plate-type plasma CVD apparatus is used and 
the deposition is conducted at a substrate temperature 
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of about 400 °C under an internal pressure of 3.0 Torr. 
During the deposition, SiH^ and are supplied as 

the gaseous source respectively with a flow rate of 10 
cc/min and a flow rate of 100 cc/min, together with an 
N 2 carrier gas which is supplied to the reaction 
chamber of the plasma CVD apparatus with a flow rate 
of 2000 cc/min. The oxide film 29 thus formed has a 
refractive index of about 1.5. 

Further, it is possible to replace the Si0 2 
film 29 by a PSG or BPSG film that contains P or B. 
As noted already, P or B shows a getter ing action of 
H 2 0. When a PSG film is to be used for the insulation 
film 29, it is preferable to set the P content in the 
PSG film 29 to be about 6 wt% or less. When a BPSG 
film is to be used for the insulation film 29, on the 
other hand, it is preferable to set the B content in 
the film 29 to be about 4 wt% or less. 

Further, it should be noted that the 
foregoing oxide film 29 may be formed also by an 
ordinary high- temperature CVD process. In this case, 
it is preferable to set the substrate temperature to 
about 825 °C or less for minimizing the diffusion of 
metal elements from the silicide film and set the 
ratio of N 2 0 with respect to SiH 4 to be less than 
about 5 so as to maximize the Si-H bond formation in 
the film. Further, it is also possible to cause a 
release of H 2 0 from the oxide film 29 by applying a 
thermal annealing process to the film 29 at a 
temperature of about 825 °C prior to the deposition of 
the SiN film 30. 

As the deposition of the oxide film 29 and 
the deposition of the SiN film 30 are conducted in the 
same deposition apparatus continuously, the chance 
that the deposited oxide film 29 contacts the 
atmospheric environment and absorbs the moisture in 
the atmosphere is positively eliminated. 

Further, the present invention is not 



1 limited to the embodiments described heretofore, but 
various variations and modifications may be made 
without departing from the scope of the present 
invention. 
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